Data on physical growth were obtained for a sample of 1202 Quechua subjects, aged 2 to 35 years from the district of Nuiioa, Puno, located in the southe m highlands (altitude 4000-5500m) of Peru. These data were supplemented by a three-year longitudinal study of 300 subjects, aged 1 to 22 years.
sociated with urban-rural and altitude differences appear to be reflected in greater deposition of subcutaneous fat and increased weight but do not seem to influence the development of stature. We suggest the pattern of growth of this population is related to the hypoxic effects of high altitude, and/or reflects a genetic adaptation to such stress. The anthropometric and physiological studies conducted during this and previous studies and the comparative data from Peruvian populations situated at lower altitudes document the specific adaptive response of the chest wall to the hypoxic effects of high altitude.
Experimental studies on animals have demonstrated that high altitude hypoxia slows growth, The earlier investigations of Gordon and associates (Gordon, Zornetta, DAngelo and Charipper '43 ) and Moore and Price ('48) indicate that rats raised under hypoxic conditions on adequate diets show marked retardation in normal body growth. Recent studies by Timeras and coworkers (Timeras, Krum and Pace, '57; Krum, '57) point out that the inhibition in body growth becomes progressively more accentuated in successive generations. Further, the subnormal rate of growth in size in the animals born at high altitude appears to be irreversible even after prolonged soujourn at sea level (Timeras, '64) . Despite these indications, there is insufficient information on the effects of high altitude on human growth to reach any definite conclusions. This fact led the authors to conduct an intensive cross-sectional and semi-longitudinal investigation of human growth of a high altitude native Peruvian Quechua population.
The present article is a detailed followup of previous preliminary reports (Fris-broad, shallow valleys of the area. The basal altitude of the plains is about 4000 m (13,000 feet) and the settlements extend up the slopes about 5500 m (17,500 feet). The economic focus of the region is herding, with sheep, llamas, and alpacas the major animals. However, the subsistence pattern of much of the indigenous population at around 4000 m is based on a mixed economy of herding of sheep and llamas and cultivation of potatoes and varieties of native chenopodium ( q u i m a and canih a ) . On the other hand, at elevations above 4500 m, due to severe cold and frost, agriculture is not practiced, and the subsistence pattern is based on a purely pastoral economy.
Sample
The data to be presented here were collected from June, 1964 , to August, 1966 . The method of data collection included both cross-sectional and semi-longitudinal samplings.
The cross-sectional sample consisted of 1202 subjects, of which 702 were males and 400 females, between the ages of 2 and 22 years. They represented 30% of the total population under 25 years of age. The adult control sample was comprised of 52 males and 50 females between the ages of 25 and 35 years.
The semi-longitudinal sample consisted of 300 subjects, aged 2 to 22 years, 140 of which were remeasured after one year, and 160 remeasured after two years and three months. Table 1 gives the distribution of these samples by age and sex. The ages of both samples were verified by official birth records provided by the municipal council of Nuiioa district and the town school oflicials. These records covered 98% of those between 2 and 22 years of age. The ages of the samples were calculated from their birth-days to the examination dates and then classified into age groups.
Measurements Standard anthropometric measurements included weight, height, sitting height, biacromial diameter, chest width, chest breadth, chest circumference, arm circumference, upper arm, scapula, and waist skinfold thickness according to the "Recommendations concerning body measurements for the characterization of the nutritional status," ('56). Weight was recorded to the nearest quarter-pound and converted into kilograms. Height was recorded to the nearest millimeter. Sitting height was taken with the subject seated on a firm, flat stool with the knees flexed and trunk in contact with the anthropometer at both scapular and sacral regions. Chest circumference at the xyphoid level was measured at maximum inspiration and expiration, from which the mid-chest circumference was calculated. Biacromial diameter, chest width, and chest depth were measured with the anthropometer's sliding calipers. Utilizing a flexible steel tape, upper arm circumference was measured midway between the acromion and olecranon with the arm hanging freely. All measurements were taken in centimeters.
Skinfold thickness measurements were made with a Lange caliper having a pressure of 10 gm per square millimeter of contact surface area. All measurements were taken on the right side: at the upper arm on the same site as that of the circumference; and also at the lower end of the scapula, waist, and calf. All measurements totaled to give the sum of skin-folds. Three readings were taken at each site and the average was used to represent the subcutaneous fat (plus skin) at that site. The units of measurement are millimeters. The corrected upper arm diameter in millimeters was derived from the upper arm circumference and triceps skinfolds by computation (Brozek, '61) .
RESULTS

Patterns of growth
As noted in figure 1 and tables 2 and 3, growth in stature, weight, sitting height, chest width, and chest depth appears to continue until the twentieth and twentysecond years in females and males, respectively. Sexual dimorphism in stature is not well defined until about the age of 16 years. Sex differences in chest size appear to occur even later.
The growth rates of stature derived from the semi-longitudinal data are presented in Figure 3 and table 5 show that the development of muscle size at the upper arm follows the same pattern in both males and females up to the age of 16 years. In contrast, fat deposition from eight years on is markedly greater in females than males.
Intra-population differences RuTaZ-uTbm. For analytic purposes a sample of 388 boys, aged 7 to 22 years, and 216 girls, aged 7 to 16 years, has been divided according to residence into (a) ur- greater chest circumference at maximum inspiration than the compared group. These findings were tested using the 0 4 8 12 1 6 20 24 matched-pair technique whereby 182 male subjects, aged 1 to 35 years, were divided into two altitude groups. These two groups were matched for age to the nearest 0.5 years and then subdivided into three age groups: 1 to 12.9, 13 to 18.9, and 22 to 35.9 years. The comparisons were based upon Y' scores for matched pairs Table 7 presents the selected body measurements of the non-adult Nuiioa sample residing at around 4000 m compared to those who live above 4500 m. From these data it is evident that both lower altitude and higher altitude groups attain nearly the same values of body size and body com-1. for boys 1-12.9 years) and ( p < .01 for boys 13-18.9 years). As shown in table 8, the adult samples at higher altitudes are slightly heavier and fatter, but are not taller than their counterparts who live at around 4000 m. They also have a significantly greater chest circumference at both maximum inspiration and maximum expiration. The pattern of differences in chest size is illustrated in figure 6 using a crosssectional sample of 400 subjects, aged 2 to 35 years. It is evident that the chest circumference at maximum inspiration relative to the stature is considerably greater among those residing above 4500 m. This difference appears to be more marked between the fourteenth and eighteenth years of age.
Comparison with other studies The development of stature and chest circumference of the Nufioa cross-sectional sample is plotted in figure 7 , in comparision with data from the United States (Stoudt, Damon and McFarland, '60) and with data on Peruvian samples from sea level and moderate altitudes, respectively (Pretto and Gomez, '47). As shown, the Nufioa boys are absolutely and relatively smaller than the sea level American boys and Peruvian boys from Ica as well as those from Huanuco, situated at a mean altitude of 2300 m (7,500 feet) (Baker, Frisancho and Thomas, '66) . Figure 8 also shows that, despite their smaller statures, the high altitude Nuiioa boys exhibit systematically greater chest circumference averaging about 12 and 15% above the American and other Peruvian samples, respectively. In other words, the chest size of Nufioa boys shows an accelerated rather than retarded growth.
DISCUSSION
The physical growth of the high altitude Nuiioa Quechua Indian is unquestionably slow. The sexual dimorphism in the development of body size appears to occur after age 16. The growth rates show a late and poorly defined spurt for both males and females. The distance curves, along with the growth rates, indicate a very prolonged (Mazess and Baker, '64) demonstrated a relatively higher caloric, protein, and iron intake than the recommended daily allowances for Peruvian Andean communities (Collazos Moscoso, Bravo, Castellanos, Caceres, Rosa and Bradfield, '59) . This finding has recently been confirmed by Gursky's ('69) dietary survey of individual intakes by age and sex.
The intra-population comparisons indicate that the urbanized groups are slightly heavier and considerably fatter than their rural counterparts. These differences are probably related to differences in activity and dietary intake. In any event, whatever the factors responsible for the greater fat deposition of the urbanized groups, these did not appear to be reflected in taller statures. These findings differ from those reported on American populations. Garn and Haskell ('60) demonstrated that among Ohio White children, increased fatness during childhood and adolescence is positively and systematically associated with taller statures and advanced somatic and sexual development. Nutritional studies on animals also indicate that increased fat deposition speeds maturation and dimensional growth (Hammond, '54) . These findings suggest that factors other than malnutrition or caloric deficiency, such as high altitude hypoxia and/or genetics are influential in the slow and prolonged growth of Nuiioa Quechua population. This conclusion by no means implies that all growth variation reflected in slow and prolonged development of high altitude populations is solely related to the effects of hypoxia. Any generalization about growth at high altitude must be done with great caution, and until intensive field studies are done, the role of nutrition cannot be disregarded.
On both a cross-sectional and a matchedpair basis the chest circumference was found to be significantly greater at altitudes above 4500 m than at around 4000 m, while other measurements of body size and composition remain unchanged. This finding suggests that the chest wall is one of the most sensitive morphological characteristics that responds to the stress of high altitude hypoxia. This feature is interpreted as an adaptive response. This conclusion is supported by the following findings. First, as indicated by previous investigations (Hurtado, '32; Monge, '54) , the large chest size and lowered diaphragm of the high altitude native is associated with the development of a larger heart, and greater blood and lung volumes. Second, a recent investigation by one of us (Frisancho, '69a) demonstrated that, among a sample of 150 high altitude Quechua boys living above 4200 m (aged 10 to 20 years), chest circumference at maximum inspiration is a better predictor of forced expiratory lung volumes than stature, weight or surface area, contrary to what occurs in sea level populations. Third, comparison of the morphological characteristics of Nuiioa children to those of Peruvian samples at lower altitudes indicates that despite their smaller statures, the high altitude Nuiioa boys exhibit systematically greater chest circumferences.
The implication of the present study is that it attempts to delineate the developmental mechanism whereby the adult characteristics of high altitude populations are attained. Thus, the small stature of Andean man is the result of a slow and prolonged period of growth, while his increased lung volumes and chest size are due to an accelerated development.
